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Baryons at low densities:
the outskirts of galaxies
• Galaxy evolution is a two-phase process
1. In-situ star formation
2. Growth through mergers and accretion
• Accretion events à long-lasting signatures in 
the galaxies’ halos
• Low-density structures
• Numerical simulations: majority of the stars in 
the halo have been accreted
• Understand and identify accretion events and 
timescales
Bullock+2005
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Galaxy groups 
and clusters: 
where galaxy-
galaxy 
interactions are 
frequent
Andrew Z. Colvin
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M49 at the heart of Virgo’s Subcluster B
Data from VCC, RASS, BSDVS
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M49 and its blue environment
Data from BSDVS
• Brightest elliptical galaxy in the Virgo cluster 
(subcluster B)
• Very extended stellar halo
• Signatures of past accretion: layered system
• Ongoing satellite accretion
• Blue color gradient towards the outer halo: 
B - V < 0.6 (Mihos+2013, 2017)
• What are the progenitors that have built 
this envelope?
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What are the progenitors of the outer 
blue halo?
Age-metallicity degeneracy:
◦ Age < 2 Gyr: recent merger with massive 
star-forming galaxy
◦ BUT: recent merger should be visible in 
photometry
◦ Metallicity [Fe/H] < -1:
◦ Mass-metallicity relation (Tremonti et al., 2004) 
àM⭑ = 109 M☉
◦ Merger-mass ratio 10-3
◦ BUT: cosmological simulations predict mass-
merger ratios of 1:5
◦ Need to assess dynamics of the halo
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The Issue
• The Virgo Cluster is relatively distant ~ 16.5 
Mpc)…
• … too distant to use individual RGB stars as 
spectroscopic tracers of cluster galaxies
• Their halos are extended (> 100 kpc) and still 
big on the sky
• IFU spectroscopy not feasible: 
• would need 900 pointings (1 hour each) with 
MUSE to map halo of big early-type galaxies in 
Virgo
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Using Planetary Nebulae (PNe) as tracers 
in galaxies
The [OIII] line 
emission at 
5007Å is the 
strongest 
emission from a 
PN
◦ Identification
◦ Radial 
velocities
ESO
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PNe identification: 
On-off technique (presented by Souradeep Bhattacharya)
[OIII] narrow-band filter broad-band V filter
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PNe identification
Counter-dispersed imaging 
Douglas & Taylor, 1999
(Presentations by Claudia 
Pulsoni, Nicola Napolitano, and
Chiara Spiniello)
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4.2m William-
Herschel 
Telescope
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The PN-sample in M49 from photometry
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Tracing stellar light with the PN number 
density
o Kormendy+2009: main galaxy follows Sérsic profile
o Capaccioli+2015: flattening in outer halo
o PN number density follows stellar light, but flatten 
earlier
o Two component model:
o Sérsic
o Flat, constant SB component
3x higher PN-yield in 
outer halo à different 
parent stellar population
Hartke+2017, A&A, 603:A104 
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M49’s colour profile from broad-band 
photometric surveys
o Two component model to fit colour:
o Sérsic with slight colour gradient
o Flat, constant SB component with very blue 
colour (B-V) = 0.25
o Components weighed by luminosity
Colour profile: Mihos+2013
Hartke+2017, A&A, 603:A104 
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The extremely blue envelope  of M49
Indiv. datapoints:
Buzzoni+2006 
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The extremely blue envelope of M49
• Transition of stellar populations with radius
• Different slope of the Surface Brightness profile
• Difference in metallicity and age (colour, PN-
yield α)
• Reminiscent of in-situ versus ex-situ 
transition with radius
• In larger-scale structure (clusters and groups) 
more complex situation: Intracluster and 
Intragroup light
• Diffuse starlight that fills the space between 
galaxies in clusters/groups 
• Tidal debris from merging galaxies
Rudick+2010
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M49’s kinematics with 
the PN.S Hartke+2018, A&A, 616:A123 
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M49’s kinematics with 
the PN.S
This is pretty 
messy for a big 
early-type galaxy! 
Hartke+2018, A&A, 616:A123 
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How combining kinematics and 
photometry can help
Hartke+2018, A&A, 616:A123 
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How combining kinematics and 
photometry can help
• Excess of bright planetary nebulae 
that co-rotate
• Divide the sample in bright and faint 
components
Hartke+2018, A&A, 616:A123 
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Multiple PN populations
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Multiple PN populations
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The dwarf irregular galaxy VCC 1249
• 6’ south-east from M49’s centre
• 14.71 mag (B-Band) 
• Undergoing both ram pressure and tidal 
interaction
• Removal of H I gas
• Star formation was truncated 200 Myr ago 
(Arrigoni Battaia et al. 2012)
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Kinematic signature of the accretion of 
VCC 1249
North
South
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Accretion of VCC 1249
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Multiple PN populations
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Intra-group Light Hartke+2018, A&A, 616:A123 
13. June 2019 JOHANNA HARTKE (JHARTKE@ESO.ORG)
Kinematic properties of the IGL
Bin-free double-Gaussian model
◦ Halo: σ = 170 km/s
◦ IGL: σ = 400 km/s
Hartke+2018, A&A, 616:A123 
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Spatial distribution of the IGL Hartke+2018, A&A, 616:A123 
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Spatial distribution of the IGL Hartke+2018, A&A, 616:A123 
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Properties of the IGL around M49
+
• Photometry: smooth halo 
• Kinematics: Featureless velocity field Hartke+2018, A&A, 616:A123 
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Properties of the IGL around M49
• Photometry: smooth halo + Kinematics: Featureless velocity field
◦ Dynamical age older than orbital precession time (5 Gyr)
• We infer from SSP models (Falcón-Barroso+11)
◦ [Fe/H] < -1. ± 0.3
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Properties of the IGL around M49
• Photometry: smooth halo + Kinematics: Featureless velocity field
• Dynamical age older than orbital precession time (5 Gyr)
• We infer from SSP models (Falcón-Barroso+11)
• [Fe/H] < -1. ± 0.3
• Mass-metallicity relation (Kirby+13):
• M* < 108 M☉
• Merger-mass ratio to M49: 10-4
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Implications for hydrodynamical
cosmological simulations
• Rodriguez-Gomez+2016: cumulative effect 
with mergers with mass-ratios below 10-3 is 
negligible
• IGL has formed early from the accretion of 
many low-mass satellites with mass-ratios of 
10-4
• Feedback too strong for low-mass satellites to 
form sufficient stars?
Cu
m
ul
at
iv
e 
sp
ec
ifi
c 
ac
cr
et
io
n 
ra
te
Merger mass ratio (satellite/BCG)
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M49: Take-home messages
PNe are excellent probes to 
trace the extended 
kinematics of early-type 
galaxies
Adding magnitude 
information to the 
kinematics is vital to identify 
different stellar populations:
• Infall of dwarf irregular 
galaxy VCC 1249
• Halo of M49
• Intra-group light that 
reaches the velocity 
dispersion of the Virgo 
Subcluster B
Progenitors that have 
formed the IGL:
• Many low-mass galaxies 
that were accreted before 
z < 0.5
• Potential effects on 
simulation feedback?
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Questions?
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Additional information
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Gaussians with higher moments
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Gaussians with higher moments
• In contrast to observations of ETGs 
in equilibrium:
• Asymmetric deviations of the 
LOSVD from Gaussianity are 
more prominent than the 
symmetric deviations
• h3 > h4 
• h4 normally a few percent at 
most (Gerhard 1993; Bender et 
al. 1994).
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